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1. Introduction
Catalytic hydrogenation and dehydrogenation reactions are commonly used in the chemical industry, and such reactions involving oxygenated compounds are particularly important in the preparation of pharmaceuticals and fine chemicals. Although studied and utilized to a much lesser extent than hydrogenation reactions, dehydrogenation reactions involving organic compounds can also play an important role in the production of fine chemicals. Dehydrogenation reactions are typically endothermic and conversions can be equilibrium controlled; in addition, selectivity consideration of dehydrogenation versus dehydration as well as hydrogenolysis can become important when oxygenates are the reactants. 
 In addition, researchers are working today to develop processes that have minimal detrimental effects on the environment. Applications of “environmental catalysis” are increasing in diverse areas like alternative fuels and global pollution clean-up and control. Currently the focus is aimed on the processes with the production of minimum amount of extraneous waste or byproducts and re use of spent catalysts elsewhere after their lifetimes as catalysts have expired. The dehydrogenation of alcohols to aldehydes or ketones is a well-known industrial process, and these reactions are primarily carried out on copper catalysts because of their high selectivity to the dehydrogenation product. The principle catalyst that has been used in these reactions is copper chromite. However, new environmental restrictions now prohibit the disposal of chromite in landfills. Thus, there is an incentive to develop new Cu catalysts which contain no chromium. 

1.1 Hydrogenation
 Selective hydrogenation of aromatic nitro compounds, ketones are useful in the synthesis of organic intermediates in fine chemical synthesis. This is an important and interesting area of research especially if there are two or more C=C bonds. The reaction becomes challenging in aromatic compounds having functional groups, since the hydrogenation of C=C is thermodynamically more feasible than the preferential hydrogenation of the functional group. The selectivity to desired product depends specific reaction conditions and nature of catalyst. 
Chemical reaction between molecular hydrogen and an element or compound, generally takes place in the presence of a catalyst. The reaction may be one in which hydrogen simply adds to a double or triple bond connecting two atoms in the structure of the molecule or one in which the addition of hydrogen results in dissociation (breaking up) of the molecule (called hydrogenolysis, or destructive hydrogenation). Nearly all organic compounds containing multiple bonds connecting two atoms can react with hydrogen in the presence of a catalyst.
1.1.1	Selective hydrogenation of Nitrobenzene
Aniline is the one of the most significant key compound in organic chemistry. Many commodity chemicals including cyclohexylamine, benzoquinone, akylanilines etc., are manufactured from aniline. Aniline is mainly produced from the catalytic hydrogenation of nitrobenzene at 3000C-4750C in fixed bed reactor.  The Scheme 1.1 illustrates hydrogenation of nitrobenzene to aniline selectively.


Scheme1.1 Hydrogenation of nitrobenzene
1.1.2 Production of aniline over copper catalysts
Various catalytic systems were prepared for the synthesis of aniline from the hydrogenation of nitrobenzene. Above all the heterogeneous catalytic systems were operating under dynamic condition such as high pressure, high temperatures, solvent systems and also highly economically costly process. Whereas synthesis of aniline from nitrobenzene is simple and operating at normal conditions like atmospheric pressure, solvent free conditions over Copper catalysts. Scheme.1.2 shows the hydrogenation of nitrobenzene over Cu-MgO catalyst which is highly economically feasible catalysts for hydrogenation reactions. 

Scheme.1.2 Hydrogenation of nitrobenzene over Cu-MgO catalysts

1.1.3 Selective hydrogenation of ortho-chloronitrobenzene (o-CNB)
The chemoselective hydrogenation of halogenated nitrobenzene to the corresponding aromatic halo amines is demanding approach owing to aniline environmental and economic impact. Aromatic haloamines are crucial intermediates in the synthesis of various fine chemicals such as dyes, drugs and agrochemicals. However the process is complex due to extensive dehalogantion. Scheme 1.3 is shown the selective hydrogenation of ortho-Chloronitrobenzne to ortho-Chloroaniline.

Scheme.1.3 Hydrogenation of ortho- chloronitrobenzene

Scheme.1.4 Formation of different product from hydrogenation of o-CNB 
Hydrogenation of ortho-Chloronitrobenzene yields aniline, Chlorobenzene, nitrobenzene and ortho-Chloroaniline (o-CAN). The formation of different products from hydrogenation of ortho-Chloronitrobenzene is depicted in the scheme 1.4.  
1.1.4 Hydrogenation of acetophenone (ACP)

Scheme.1.5 Reaction scheme of acetophenone hydrogenation
The hydrogenation of ACP produces 1-phenylethanol (PhE), ethyl benzene (EB), and 1-cyclohexylethanol (CHE) due to partially and fully reduction of carbonyl and phenyl groups of acetophenone. Hydrogenation of ACP in liquid phase over supported metal catalysts such as Ni-Pt bimetallic on zeolite, Ru/Cr/B on silica, palladium-chiston on silica, Pd/ZnO/ZnAl2O4 , chromium promoted raney nikel and recently N.M. Bertero et al reported on Cu/SiO2 catalyst that all the reports were conducted under dynamic conditions like at high-pressure and carcinogenic solvents. Very few reports are available in vapour phase for hydrogenation of ACP on supported Pd, Pt catalysts by using external hydrogen source. But selective synthesis of is a challenging task. So far 100% selectivity to PhE or 100% selectivity to EB is very difficult under these conditions. Schme.1.5. Shows the hydrogenation of ACP and produced different hydrogenation products. 
1.1.5 Production of 1-phenylethanol (PhE) and   ethylbenzne (EB) from acetophenone     
             over copper catalysts
	Selective synthesis of PhE or EB from ACP is possible by using Cu catalysts and selectivity mainly depends on the nature of support. Vapour phase selective preparation of PhE is too easy and economically low cost over Cu/MgO catalysts compared with other noble metal catalysts like Pd, Pt and Rh operating under dynamic condition such as high pressure and carcinogenic solvents.
1.2 Dehydrogenation 
Dehydrogenation reactions have played an important role in the history of chemistry from both the scientific and the industrial point of view. 1,4-butanediol to γ-butyrolactone (GBL), Cyclohexanol to cyclohexanone, butadiene, styrene, and long chain alkenes for alkyl benzene derivatives are typical commodity chemicals produced by dehydrogenation. Catalytic dehydrogenation is one of the most complex catalytic processes due to two basic reasons that strongly affect the choices in its technological implementation; the thermodynamic equilibrium limits the conversion per pass and the reaction is highly endothermic. Dehydrogenation of alcohols gives commodity chemicals of considerable industrial use, on which many studies are focused. Dehydrogenation of methanol, ethanol, propanol, 2-propanol, octanol, and cyclohexanol proceeds mainly in the presence of metal oxides having basic properties and metallic or bimetallic catalysts. Catalytic dehydrogenation of primary and secondary alcohols to corresponding aldehydes and ketones, respectively, is a proven industrial process. Most oxide catalysts and carriers for metallic catalysts posses dehydration activity and on some oxides, such as alumina, the dehydration predominates. Thus in the development of practical dehydrogenation catalyst suppression of alkene formation is of major concern. From the thermodynamic point of view, the dehydrogenation of alcohols is a clean reversible reaction; almost all aldehydes and ketones can be transformed into the corresponding hydroxyl compounds by the action of hydrogen in the presence of various catalysts in high yields. The direction of the process depends on the temperature, which strongly influences the equilibrium. Dehydrogenation of diols produces important chemicals that can be used as intermediates in the synthesis of medicines. Vapor-phase dehydrogenation of diols has been studied over Cu catalyst. -hydroxyketones are produced in the dehydrogenation of 1,2- and 2,3- diols over Cu. The dehydrogenation of 1,3-diol was investigated over Pt, Rh  and Cu. 1,2-, 1,3- and 1,4- cyclohexane diols are converted with different selectivity, depending on the position of the hydroxyl groups. The conversion of 1,4-butanediol on supported cobalt, copper and platinium catalyst has been studied. 
1.2.1 Production of -butyrolactone (GBL)
Production of GBL currently mainly on two methods.
(i)	Hydrogenation of maleic anhydride
The catalytic hydrogenation of MA or its derivatives such as maleic acid, succinic anhydride or succinic maleate to GBL has frequently been reported in the literature. The reaction equation of MA hydrogenation to GBL can be represented as follows in the scheme 1.6

Scheme. 1.6 Hydrogenation of maleic anhydride
 Reaction shows that production of 1 mol GBL requires 1 mol MA and 3 mol H2 releasing 210kJ of heat. Owing to the strong exothermic nature of reaction, it is difficult in the temperature control of the process, leading to apparent hotspots typically in a tubular fixed bed reactor and lowering the selectivity to the desired product GBL. In addition a supply of hydrogen is needed.
(ii)	Dehydrogenative cyclization of 1,4-butanediol. 
   	The vapor phase catalytic dehydrogenation of BDO to GBL has also been described in the scheme 1.7

Scheme. 1.7 Dehydrogenation of 1,4-butanediol
It is evident that for the production of  1 mol GBL requires 1 mol BDO, releasing 2 mol H2 and requiring 61.6 kJ heat. It should be noted that the reaction is practically irreversible with typical industrial operation conditions (atmosphere, 2000C, equilibrium constant Kp = 108). Due to the endothermic property of reaction, the increase of LHSV of BDO is relatively limited by low external heat supply in a practical reactor. In this reaction, the released hydrogen cannot be used effectively in a single dehydrogenation process.
1.2.2 Production of GBL from BDO over Cu catalysts
	Vapor phase dehydronative cyclization of BDO to GBL is carried out over Cu-MgO and Cu-Co-MgO catalysts. Compared to the previous reported catalytic systems such as Pt, Au/FexO3, Au/TiO2 operating under high pressure and chromium promoted catalyst which is environmentally harmful, Cu-MgO based catalysts are environmentally friendly and are cost- effective catalysts.
1.3 Coupling reaction (hydrogenation & dehydrogenation)
From these previous studies, coupling of hydrogenation and dehydrogenation reactions may enable both the concentration and temperature profiles along the reactor to be manipulated, shifting the conversion of thermodynamically limited reactions to higher values, and efficiently using the heat liberated by an exothermic reaction to provide the endothermic heat requirements of the other reaction. In the initial stage of our current work, we conducted an extensive literature review to find a pair of industrial reactions which could be coupled in such a way that hydrogen needed for hydrogenation reaction can be generated by the dehydrogenation reaction while, at the same time, heat needed for an endothermic reaction could be supplied by exothermic heat release and transfer from the other side. A promising pair was found to be the dehydrogenation of ethyl benzene to styrene, coupled with the hydrogenation of nitrobenzene to aniline.
Catalytic hydrogenation and dehydrogenation reactions are commonly used in the chemical industry, and such reactions involving oxygenated compounds are particularly important in the preparation of pharmaceuticals and fine chemicals.
The main aim of this work is to conduct both the hydrogenation and dehydrogenation reactions on a single catalyst simultaneously. The advantage of this process is that no hydrogen is required for the hydrogenation reaction because the hydrogen generated in the dehydrogenation reaction is sufficient to promote the hydrogenation reaction and there is every possibility to shift equilibrium towards to product side in the case of dehydrogenation reaction.
1.4 Economy of hydrogen
 	The hydrogen economy describes a system in which our energy needs are predominantly met by hydrogen, rather than fossil fuels. This type of economy would rely on renewable resources in the form of water. In zero emission, vehicles like cars and airplanes use hydrogen fuel cells for power, rather than petroleum distillates.  By conceiving of a hydrogen economy, we are referencing our increasing demand for clean-burning fuels that do not cause air and water pollution nor make us dependent on dwindling energy sources. It is motivated by a combination of economics and environmentalism.
1.5 Importance of vapor phase hydrogenation & dehydrogenation reaction 
  	Cu dispersed on different types of supports like MgO, MgO-Al2O3 (HT), Al2O3 and SiO2 are studied for the hydrogenation as well as dehydrogenation reactions to probe catalytic behavior and to allow comparisons among these Cu containing systems.  All these reactions are carried out in vapor phase. The advantages of vapor phase reaction over liquid phase are given below:  
 1) Extraction of products from the catalyst in vapor phase is easy than the liquid phase. 
2) In vapor phase, the reactions can be carried out at lower pressures whereas high pressures are required for liquid phase process. 
3) Vapor phase reaction is a continuous process where as liquid phase conversion is a batch process. 
2. Aims and Objectives  
Vapor phase hydrogenation of Nitrobenzene (NB) to aniline, o-Chloronitrobenzne (o-CNB ) to o-Chloroaniline (o-CAN) and Acetophenone (ACP) to 1-phenylethanol and ethylbenzene, dehydrogenation of 1,4-butanediol (BDO) to γ-butyrolactone (GBL) and simultaneous hydrogenation & dehydrogenation reaction are very attractive and economically viable. The production of aniline, o-Chloroaniline (o-CAN), and 1-phenylethanol and ethylbenzene through the coupling with BDO dehydrogenation reaction from their reactants results to the formation of dehydrogenation product GBL and hydrogenation products in a single step which further results   in the reduction of production cost. Selective hydrogenation of aromatic nitro and ketones, in general, are used in perfumery, hardening of fats, drugs and in synthesis of organic chemical intermediates. Transition metals ions such as Cu, Pd, Ni, Zn, Co etc., are used for hydrogenation & dehydrogenation reaction.  
 	Cu-based catalysts are of immense industrial importance such as in the synthesis of methanol, steam reforming of methanol to produce hydrogen useful for fuel cells, CO oxidation and synthesis of glyoxal from glycol, oxychlorination of ethylene, in the synthesis of cyclohexanone from cyclohexanol and, more recently, the applicability of these catalysts in CO hydrogenation. Supported copper catalyst is used for selective hydrogenation of nitrobenzene. There are two ways of producing aniline through hydrogenation of NB, gas phase hydrogenation and liquid phase hydrogenation. Most commonly adopted is gas phase hydrogenation, while in some countries liquid phase hydrogenation is usually employed. In both cases, the catalyst used is a Cu-Cr oxide. In liquid phase hydrogenation, high pressure is required. The greatest drawback of a Cu-Cr catalyst is its high toxicity, which causes severe environmental pollution. Nature of the support plays an important role in dispersing the active metal; it affects the morphology, particle size of the metal and the stability of the catalyst, which influences the catalytic properties to a great extent. Noble metals supported on carriers such as MgO and L, X or Y zeolites are found to possess unusual catalytic properties. For Instance, Pt supported on stabilized MgO and Pt stabilized in alkaline and alkaline-earth forms of L, X or Y zeolites are found to be selective in hexane aromatization to benzene. Although, various Cu based catalysts supported on basic supports such as MgO are found to be good hydrogenation catalysts, a very few reports are available on hydrogenation & dehydrogenation reactions over these catalysts. More recently, mixed oxides from hydrotalicite (HT) precursors are well recognized as good supports for dispersing noble metals in catalyzing various reactions like hydrogenations, partial oxidations etc., Hydrogenation of NB, o-CNB and ACP, dehydrogenation of BDO has not been reported from MgO or mixed oxide precursors. The main aim of this work is to find out the good catalysts for hydrogenation of NB, o-CNB and ACP, dehydrogenation of BDO and to find out the feasibility for combination of these reactions. 
Thus the objectives of the work are: 
(a) To find out the effect of support for dehydrogenation of BDO and hydrogenation of NB and ACP, simultaneous reactions between NB and BDO, ACP and BDO over Cu based catalysts.
(b) Preparation of Cu/MgO catalysts in impregnation and co precipitation with various loadings and evaluated for BDO dehydrogenation and NB hydrogenation, coupling of   
both reactions on these catalysts to finalize the suitable method for coupling process.
(c) Role of promoters to get enhanced yields to desired products in the coupling of NB and BDO             
(d) Development of catalysts for combination reactions. Role of interaction of Cu with the    
  support and its effect on the conversions and selectivity towards desired products.
(e) Selective hydrogenation of o-CNB to o-CAN through coupling process with BDO                    
  dehydrogenation reaction over Cu-MgO and Cu-Co-MgO catalysts.
 (f) Study 1-phenylethanol from ACP hydrogenation by using BDO as hydrogen source 
   on Cu-MgO and Cu- Co-MgO catalysts. 
3. Highlights of the thesis
1.	Comparison of activities on dehydrogenation and hydrogenation reactions over MgO, Al2O3, MgO-Al2O3 (HT) and SiO2 supported Cu catalysts.
2.	A detail study of the hydrogenation of NB, o-CNB and ACP,dehydrogenation of BDO individually as well combination reactions over Cu/MgO catalysts prepared by impregnation and coprecipitation method with different copper loadings, and the effect of  variation in reaction parameters like temperature, GHSV (gas hourly space velocity/contact time) on the activity. 
3.	Effect of promoters like Co, Zn and Cr to Cu-MgO catalyst for the BDO dehydrogenation and NB hydrogenation, coupling of both reactions. 
4.	Preparation of Co-Cu-MgO catalyst for dehydrogenation of BDO.
5.	To study the effect of Cobalt loading to Cu-MgO catalyst for coupling of BDO and NB in order to find out and elucidated the optimum Cobalt loading.
6.	Simultaneous synthesis of  o-CAN and GBL from o-CNB and BDO respectively through coupling process over Cu-MgO-H and Co-Cu-MgO-H catalyst prepared by hydrothermal method. 
7.	Selective hydrogenation of ACP to 1-PhE and EB coupling with dehydrogenation of BDO reaction over Cu-MgO and Co-Cu-MgO catalyst prepared by hydrothermal method.
4.  Scope of the thesis  
Cu-based catalysts play a key role in catalyzing many processes in an environmentally benign and economical route. This thesis focuses on the development of a catalytic process, which is not only          
1.	Environmentally benign for using Cu-MgO based non-chromium containing catalysts in the  hydrogenation-dehydrogenation reactions in vapor phase. 
2.	Economical for carrying out the hydrogenation–dehydrogenation reactions without 
using external hydrogen source in view of the future hydrogen economy. 
3.	But also highly efficient in achieving higher yields of desired products. 
4. And novel using new coupling routes combining an exothermic nitrobenzene hydrogenation with and endothermic 1,4-butanediol dehydrogenation reaction.
Hydrogenation of NB, o-CNB, and ACP, BDO dehydrogenation reactions are important in the chemical industry as their products viz., AN, o-CAN, PhE/EB and GBL have wide applications. The present work clearly illustrates highly efficient Cu-MgO based catalysts for the development of processes for hydrogenation of NB, o-CNB and ACP, dehydrogenation of BDO both independently and in combination by coupling these two reactions.                                         
In the case of hydrogenation of NB with dehydrogenation of BDO a detailed and systematic study has been carried out in optimizing the conditions in the preparation of Cu-CoO-MgO catalysts. It is found that mixing of Cu-MgO precursor obtained by K2CO3 as precipitating agent with Co precursor obtained by K2CO3 as precipitating agent is the best for the hydrogenation-dehydrogenation reactions and also for the coupling reaction. Where as in the case of ACP hydrogenation to get 1-phenylethanol (PhE) or ethyl benzene (EB) as two different products is on the nature of support. The novel route used in the hydrogenation of NB, o-CNB and ACP by coupling with dehydrogenation of BDO, which avoids any external pumping of H2 paves a path for such other reactions in saving hydrogen.
 	This work also gives scope for further studies in understanding many other industrially important hydrogenation-dehydrogenation reactions by a coupling them by employing simple Cu-based catalysts to achieve good yields of desired products.  
 5.  Organization of the thesis 

Chapter-1: General Introduction
It presents the introduction to hydrogenation reactions of NB, o-CNB and ACP & dehydrogenation of BDO, their importance and industrial application of AN, o-CAN, 1-PhE/ EB, GBL and economy of hydrogen. The importance of simultaneous hydrogenation and dehydrogenation reaction & advantages of vapor phase hydrogenation and dehydrogenation reaction are also discussed. The aim, objectives and scope of the thesis in carrying out the hydrogenation of NB and dehydrogenation of BDO over MgO, MgO-Al2O3, MgO-CoO & SiO2 supported Cu catalysts using different promoters supported on Cu/MgO catalysts, effect of method addition of Cobalt  and effect of Cobalt loading to Cu-MgO catalysts, hydrogenation of o-CNB over CoO-Cu-MgO catalyst and also selective hydrogenation of acetophenone with BDO over different supported Cu catalysts  are also discussed in this chapter .                             
Chapter-2: Literature survey
It presents the literature review of copper catalyst, hydrogen effect in metals with reference to copper, method of preparation. This chapter explains synthesis, properties and applications of MgO catalysts. This chapter also provides literature on the combination of hydrogenation-dehydrogenation reactions.
Chapter-3: Experimental
This chapter describes the different experimental methods for preparation of catalysts and characterization of these by BET-surface area, XRD, TPR, TPD, TEM, SEM, N2O pulse chemisorption, XPS and CHNS analysis. Experimental details on activity evaluation of the catalysts by hydrogenation of NB, o-CNB and ACP, dehydrogenation of BDO & combination have been provided. 
Results & Discussion: 
Chapter 4, 5, 6 and 7 present the results and discussion of the total work over independent hydrogenation NB, o-CNB and ACP, dehydrogenation of BDO and combination reactions. Further the characterization of all these catalysts by techniques like BET-surface area, XRD, N2O pulse chemisorption, TPR, TPD, TEM, SEM, XPS and CHNS analysis are discussed and correlates the activity data.    

1.10 Organization of the thesis 
Chapter 1: General Introduction
It presents the introduction to hydrogenation reactions of NB, o-CNB, ACP and dehydrogenation of BDO and importance, industrial application of their products such as aniline (AN), ortho-chloroaniline (o-CAN), 1-phenylethanol (PhE), gama-butyrolactone (GBL) and economy of hydrogen. The importance of simultaneous hydrogenation and dehydrogenation reaction & advantages of vapor phase hydrogenation and dehydrogenation reaction are also discussed. The aim, objectives and scope of the thesis in carrying out the hydrogenation of NB and dehydrogenation of BDO over MgO, MgO-Al2O3, MgO-CoO & SiO2 supported Cu catalysts using different promoters supported on Cu/MgO catalysts, effect of method addition of cobalt and effect of cobalt loading to Cu-MgO catalysts, hydrogenation of o-CNB over CoO-Cu-MgO catalyst and also selective hydrogenation of acetophenone with BDO over different supported Cu catalysts are also discussed in this chapter.  
 Chapter 2: Literature survey
It presents the literature review of copper catalyst, hydrogen effect in metals with reference to copper, method of preparation. This chapter explains synthesis, properties and applications of MgO catalysts. This chapter also provides literature on the combination of hydrogenation-dehydrogenation reactions.
Chapter 3: Experimental
This chapter describes the different experimental methods for preparation of catalysts and characterization of these by BET-surface area, XRD, TPR, TPD, TEM, SEM, N2O pulse chemisorption, XPS and CHNS analysis. Experimental details on activity evaluation of the catalysts by hydrogenation of NB, o-CNB and ACP, dehydrogenation of BDO & combination have been provided. 
Results & Discussion: 
Chapter 4,5 and 6 present the results and discussion of the total work over independent hydrogenation NB, o-CNB and ACP, dehydrogenation of BDO and combination reactions. Further the characterization of all these catalysts by techniques like BET-surface area, XRD, N2O pulse chemisorption, TPR, TPD, TEM, SEM, XPS and CHNS analysis are discussed and correlates the activity data.    
Chapter 4: Coupling of nitrobenzene hydrogenation and 1,4-butanediol dehydrogenation over Cu-MgO catalysts
This chapter consists of six sections and each section explains individually effect of support, effect of method of preparation, effect of  copper loading, effect of promoters, effect of promoters addition and effect of cobalt loading to Cu-MgO catalyst for hydrogenation of NB and dehydrogenation of BDO and coupling of both reactions respectively.
Section 4.1: Coupling of 1,4-butanediol dehydrogenation and nitrobenzene hydrogenation over copper supported catalysts: Effect of support
 	This section describes the effect of support for dehydrogenation of 1,4-butanediol (BDO) and hydrogenation of  nitrobenzene (NB) and coupling of both reactions. The catalytic dehydrogenation of BDO to produce γ-butyrolactone (GBL) and hydrogenation of NB to produce aniline as major products. Hydrogenation of NB is generally carried out over noble metals such as palladium, platinum and rhodium supported on basic supports. Active carbons were used as supports for palladium in the liquid phase hydrogenation of NB to aniline. Liquid phase hydrogenation of NB was studied over Pd-B/SiO2 amorphous catalyst. Polymer anchored metal complexes with 2% as well as 80% cross linking and tested for the hydrogenation of NB. Pt/C catalysts in supercritical carbon dioxide and ethanol have been employed for the hydrogenation of NB and the effect of pressure, solvent, and metal particle size were studied.  
BDO dehydrogenation reaction lead to formation of GBL is carried out over copper based catalysts in vapour phase conditions. In spite of having the advantages of coupling process very few reports are available in the literature over copper based catalysts such as Cu-Cr2O3, Cu-ZnO, Cu-SiO2, and Cu-Al2O3.
Based on the previous reported  catalytic systems, BDO dehydrogenation and NB hydrogenation individual and coupling reactions are carried out on basic and acidic supported copper catalysts, such as MgO, Al2O3, MgO-Al2O3 (HT) and SiO2 supports. The present chapter deals with the influence of the nature of support on hydrogenation of NB and dehydrogenation of BDO and coupling of both reactions. Among the all supported Copper catalysts, Cu/MgO catalysts show good activity in the coupling process. 
Section 4.2: Vapour phase catalytic coupling reaction between 1,4-butanediol dehydrogenation and nitrobenzene hydrogenation over Cu/MgO catalysts: impregnation
This section deals with the effect of Cu loadings prepared by Impregnation method, characterization and the activity for hydrogenation of NB to AN and dehydrogenation of BDO to GBL and combination of both reactions. 
 	Cu-MgO catalysts prepared by impregnation (5-20wt %) exhibited high activity towards BDO dehydrogenation and NB hydrogenation in individual reactions with increasing copper loadings. Among all Cu-MgO catalysts, 20wt% loading shows superior activity due to the presence of more number of surface active copper sites. Time on stream study reveals rapid deactivation of coupling reaction over 20CMI catalyst which is due to the sintering of the copper particles during the course of reaction and coke deposition. 
Section-4.3: Coupling of 1,4-butanediol dehydrogenation reaction with the hydrogenation of nitrobenzene over Cu/MgO catalysts: Co-precipitation
This section deals with the effect of different Cu loadings prepared by coprecipiation method, characterizations and activity for hydrogenation of NB to AN and dehydrogenation of BDO to GBL and combination of both reactions.
Section 4.4: Effect of promoters to the Cu/MgO catalysts for the coupling of 1,4-butanediol dehydrogenation and nitrobenzene hydrogenation
This section deals with effect of promoters to the Cu-MgO catalyst for vapor phase hydrogenation of NB to AN, dehydrogenation of BDO to GBL and combination of both reactions. Cobalt, zinc and chromium used as promoter to Cu-MgO catalyst for the increases stability and enhancement of the catalytic activity. Among all the catalysts cobalt promoted Cu-MgO catalyst shows good activity towards dehydrogenation of BDO to GBL and NB to AN with 98% conversion and 99% selectivity.  Cu-Co-MgO catalyst is used for the coupling of nitrobenzene hydrogenation and 1,4-butanediol dehydrogenation.
 Section 4.5: Influence of method of preparation of Co-Cu/MgO catalyst on dehydrogenation / dehydration reaction pathway of 1, 4-butanediol 
This section describes the variation in the activities of Cu-MgO catalysts prepared by addition of cobalt and then it effects dehydrogenation /dehydration of BDO. 
Section 4.6: Effect of cobalt loading to Cu/MgO catalysts for the coupling of 1,4-butanediol dehydrogenation and nitrobenzene hydrogenation
This section deals effect of cobalt loading on the vapor phase hydrogenation of NB and dehydrogenation of BDO and coupled reactions and temperature effect for all cobalt catalysts. 
 Chapter 5: Coupling of ortho-chloronitrobenzene hydrogenation and 1,4-butanediol dehydrogenation. 
This chapter describes the study of selective hydrogenation of o-CNB to o-CAN by BDO dehydrogenation over Cu-MgO and Cu-Co-MgO catalyst prepared by hydrothermal method. 
Section 5.1: Selective hydrogenation of o-chloronitrobenzene and dehydrogenation of  1,4-butanediol over Cu-MgO catalysts: Hydrothermal method
This chapter describes the study of selective hydrogenation of o-CNB to o-CAN and dehydrogenation of BDO to GBL and coupled of both reactions over Cu-MgO catalysts prepared by hydrothermal method. 
Section 5.2: Coupling of ortho-chloronitrobenzene hydrogenation and 1,4-butanediol dehydrogenation over Co-Cu-MgO catalysts: Hydrothermal method
This chapter describes the increases the stability of Cu-MgO catalysts by addition of cobalt and enhances the activity for the selective hydrogenation of o-CNB to o-CAN by coupling with BDO dehydrogenation. 
Chapter-6: Coupling of acetophenone hydrogenation and 1,4-butanediol dehydrogenation over Cu-MgO and Co-Cu-MgO catalysts: Hydrothermal method
This chapter explains about hydrogenation of acetophenone (ACP) and dehydrogenation of 1,4-butanediol (BDO) and coupled of both reactions over Cu-MgO and Cu-Co-MgO catalysts prepared by hydrothermal method.
Chapter-7: Overall conclusions
This chapter concludes and summarizes all the observations made in the results and    discussion chapters namely, chapter- 4, 5 and 6 of the present work.
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